Ahstract.' Histological ('\'idence concprning the ('xistence of a pair of small glands associated with the foveae dorsales in femalt-s of Derllltlcelltor l'ariabiliJ (Say) and Dermacc71tor a71derso71i Stiles is describ"d. Eaeh gland comprises se\'eral lobes linked to the ducL~and pon's of the fO\,t'aby filanwntous protoplasmic connections. In the unfed ft'males, the gland appears to be very small, flattent'd and compn'ssed in the cuticular recess below each fovea. In partially fed females, however, the gland appears to grow until it has increased to approximately 3 times in depth and 2.5 times in breadth at the end of the 5th day of attachment. Masses of intensely staining granular material were visible in the gland cells and colloid-like substance accumulated in the foveal ducts in hematoxylin-eosin stained sections of partially fed females. Scanning electron microscopy of the foveae dorsales of unfed D. andersolli females revealed the presence of narrow, slit-like openings, oriented approximately in the direction of the anterior-posterior axis. No evidence of foveae dorsales l'ould be found in males of either D. uariabilis or D. anderso71i. Th" Pllssibh' roll' of the glands in relation to sex pheromone aett\'ity tn ticks is reviewed.
Sex pheromones have been reported to regulate mate-seeking behavior in ticks (Gladney 1971 , Soncnshine et al. 1974 , Berger et al. 1971 1972). However, these workers did not elucidate the site of production and/or release of these attractants. Specific body areas are known to be associated with sex pheromone production in certain insects [e.g., the 8th abdominal segment of the Gypsy Moth (Bierl 1965) J. Presumably, certain glands in a specific body area perform this function in ticks.
Knowledge of the specific structures responsible for production and release of sex pheromones may facilitate their isolation and identification. Such knowledge should provide a basis for studying the relationship between the various phases of reproductive activity and development of mating attractants. Sonenshine et al. (1974) reported experimental evidence which implicated the dorsal alloscutal region of partially fed females, particularly in the vicinity of the foveae dorsales, as the probable site of sex pheromone production and/or release. Consequently, morphological studies were done to determine the occurrence of any changes in the areas of interest.
This paper reports the presence of previously undescribed paired glands associated with the foveae dorsales in 2 species of hard-bodied ticks, the J. Moo. Ent. Vol. 12, no. 3 American dog tick, Dermacentor variabilis (Say), and the Rocky Mountain wood tick, Dermacentor andersoni Stiles. Growth of the glands during feeding and cytological changes in the gland cells are described. The apparent function of these glands in relation to sex pheromone production is reviewed.
MATERIALS AND METHODS
Laboratory colonies of D. variabilis and D. andersoni were maintained as the source of specimens. Immature ticks were allowed to feed on albino rats, Rattus norvegicus (Berkenhout).
Host animals used for infestation were held in wire mesh cylinders wrapped with muslin for 24 hr. Subsequently, the hosts were placed in rearing chambers over drop pans, surrounded by a water-filled moat. Fed immatures were collected with a vacuum aspirator, transferred to vials sealed with nylon mesh cloth (40 nm/cm 2 ), and held in an Aminco-Aire Climate Lab® maintained at 27°± 1°C and 95% ± 2% RH.
To induce feeding, emerging adults were exposed to intense incandescent illumination of 0.6 cal./cm 2 /min. for a minimum of 4 hr/day for 7 days. The conditions were 28°± 2°C, 60% ± 5% RH at the floor and 28°± 2°C, 23% ± 5% RH at the top of the open illumination chamber. Adults were allowed to feed on albino rats or the European Rabbit, Oryctolagus cuniculus, or a large dog, Canis familiaris. were used to elucidate changes, if any, in the suspected sites of sex pheromone production.
Histological study was done with selected areas of the dorsum, suggested by experimental evidence on location and state of feeding, as follows: unfed; 24 to 48 hr post attachment; and 120 hr post attachment, primarily in the vicinity of the basis capituli and the foveae dorsales. The specimens were prepared as follows: (1) females were preserved in 10% buffered formalin subsequent to removal of the posterior 1/8 of the ventral surface; (2) paraffin embedding was done with an Auto-Technicon® using 58 0 -59°C m. p. Paraplast®; (3) sectioning was accomplished using an American Optical Co.-Smith microtome at thicknesses ranging from 6 nm to 15 nm; (4) adhesion of sections to slides was done with 1 g of U.S.P. Gelatin/liter of distilled water plus 5 ml of 10% buffered formalin in a heated water flotation bath; and (5) dehydration and staining (hematoxylin and eosin). Although 105 females were sectioned, much material was lost due to technical problems associated with the relatively hard cuticle. Attempts to section males were unsuccessful. Measurements of all structures were done with a calibrated American Optical Co.-Smith phase contrast microscope.
Other morphological evidence was obtained by examination of surface structure with a Leitz dissecting microscope, with magnification to 216 x. This part of the study involved females and males of both species. Photomicrographic studies were done with an Olympus phase contrast/light microscope using the Olympus camera attachment.
Scanning electron microscopic observations of the surface structure of the foveae dorsales were done by Dr Omar Amin with a model #JSM-U3 at 600 X and 6000 X and photos illustrating these structures were furnished to us. Terminology of the cuticular layers follows that of Balashov (1968).
RESULTS
The histological findings reported pertain only to females. Surface studies with optical stereoscopic and scanning electron microscopy concern both males and females. Histological study of the female ticks was limited to dorsal body areas considered as possible sites of sex pheromone production or release because of experimental evidence (Sonenshine et al. 1974) or because of their proximity to glands associated with reproductive activity (e.g., ovary, Genes organ, porose areas). The status of the epidermal and glandular epithelia in the vicinity of the areae porosae, Gene's organ, scutum, alloscutum and foveae dorsales is described in unfed ticks, ticks fed 24-48 hr, and ticks fed 120 hr.
Unfed: The glandular epithelium of the areae porosae appeared undifferentiated, with~,bundant, small, dense, and compact cells, without vacuolization. The glandular epithelium in this physiological state resembled the general alloscutal epidermis. The nuclei occupied most of the cell and stained intensely.
Colloidal material was absent in the ducts from the cells leading to the surface of the areae porosae. Gene's organ appeared small, collapsed, and the epithelium greatly resembled that of the surrounding epidermis.
Scutal sections at this stage showed little epidermal cell growth; dermal glands were differentiated only poorly, if at all. The scuta 1 thickness ranged from 50.4 to 57.6 nm. The alloscutal cuticle across the body at the level of the foveae dorsales ranged in thickness from 60.0 to 64.6 nm; it was highly folded near the surface with numerous closely-spaced dermal ducts. The epicuticle thickness ranged from I to 3 nm, with a light amber color; the combined exocuticle, mesocuticle, and endocuticle components ranged in thickness from 59.0 to 63.7 nm. The mesocuticle is relatively indistinct, and frequently could not be discerned. The epidermis was dense, with a thickness of 4.8 to 7.2 nm; cell membranes were not readily evident, and numerous dense nuclei occurred throughout, closely associated with the cuticle. The foveae dorsales appeared as paired areas on the alloscutum posterior to the scutum. In surface view they appeared crater-like, more or less round, 57.6 to 60.0 nm in diameter, and each with 18 to 23 ducts (FIG. 1) opening on the dorsal surface. Scanning electron microscopy revealed the surface pores of these ducts to be slit-like throughout the foveal depression; most pores had an apparent anteriorposterior orientation (FIG. 2, 3) . In cross sections, the ducts were observed to be continuous with the glandular tissue beneath (FIG. 4, 5) . The inner surface of each fovea was deeply recessed and the entire thickness from outer to inner-most aspect was only 40.8 to 43.2 nm, as compared to 62.0 nm of the surrounding cuticle. No characteristic epidermal tissue was observed underlying the foveae. Instead, a small gland, hereafter termed "Layton's gland," was found in this area. Protoplasmic extensions were observed to continue into the ducts; most of the protoplasmic material was concentrated near the ducts. Gland cells at this stage resembled the epidermis in that they were syncytial, with some vacuolization, no colloidal material was present, and their cytoplasm lacked large dense granules. This gland is extremely small and may easily remain unnoticed.
The gland is flattened and is in close association with the epidermis. Its depth (dorsal-ventral) ranged from 60.2 to 67.2 nm; it was 57.7 nm in diameter at its proximal end (adjacent to the ducts of the foveae dorsales), and 120.0 nm at its basal end. Vol. 12, no. 3 Marked histological changes occurred in some of the body areas described above. The glandular epithelium of the areae porosae now appeared differentiated with abundant nuclei, and some with vacuolization. Small amounts of colloidal material were present in the cells and ducts. The cytoplasm appeared finely granular and basophilic. Several giant cells with nuclei up to 30 nm across appeared below the dense layer. These were observed to have numerous tiny densely- stained~ranules. Genes organ appeared expanded when compared to surrounding tissue. Cellular lllultiplication had taken place, differentiation with some vacuolization of the cytoplasm had occurred, and numerous highly folded membranes contributed to the structure of the gland at this stage. The only changes noted in the scuta I area were the increase in the dermal gland growth and their vacuolization.
FOVEAE DORSALES
The scutal thickness did not change. The alloscutal cuticle thickness did increase with a nt'\\' ran~e of 105.6 to as great as 143.2 nm in some areas. The epicuticle thickness remained I to :~mn; however, the exocuticle component had increased to a new range of 57.6 to 60.0 nm, the mcsocuticle from 11.5 to 12.0 nm, and the cndocuticle from 24.0 to 28.8 nm. The epidermal tissue rangcd from 21.6 to 24.0 nm. The epidermis was less dense, cell membranes were evident in some areas, and the nuclei were not so closely associated with the cuticle. Vacuolization was now evident in those cells furthest from the cuticle. In surface view, the diameter of the foveae dorsales appeared unchanged; in cross section, the thickness of the foveae decreased, with a new range of 28.8 to 40.8 nm. The number of ducts remained the same. Collodial material was now evident in the ducts above the glands. The gland proximal to the cuticle remained unchanged, with a lateral dimension of 57.6 nm. However, it increased in depth to 84.0 to 96.0 nm. The lobes radiated distally and had increased slightly, to a new diameter of 129.6 nm. The cells were not syncytial, they had some vacuolization distally with lightly-staining colloidal material, and the nuclei still were concentrated near the ducts. Lumens appeared to have formed in the lobes, and each lobe appeared to have disassociated slightly from the epidermal and midgut tissue. andersoni attached 120 hr illustrating the lobes of the enlarged gland and associations with a fovea dorsale, 235 x. Vol. 12, no. 3 120 hr post attachment: The areae porosae had not undergone any further noticeable changes from that observed at 24 to 48 hr post attachment. Gene's organ continued to enlarge, with some lightstaining secretions. The scutal thickness did not undergo any noticeable change from that already observed. The dermal glands and ducts did not have any observed increases. The alloscutal thickness was decreased slightly, and now ranged from 82.6 to 91.2 nm. Two of the 4 cuticular components changed in thickness as follows: epicuticle decreased significantly (range from 0.6 to 2.4 nm); and meso cuticle increased to 19.2 to 21.6 nm. The epidermal cells were enlarged and had distinct cell membranes.
The nuclei were enlarged also and more widely separated.
The foveae dorsales were unchanged in diameter at the surface but their depth declined slightly (range 26.4 to 36.0 nm). The number of ducts remained the same. Accumulations of apparently colloidal material were visible in the ducts of the foveae. The gland proximal to the cuticle spread to 63.4 nm. Gland depth had greatly increased, 168.0 to 177.6 nm (FIG. 6, 7) . Very distinct lobes now completely radiated out from the attachment point of the foveae. The total diameter of each gland at its basal end (opposite the attachment points on the inner surface of the foveae dorsales) ranged from 264.0 to 276.0 nm. Each lobe had several enlarged, clearly delineated cells with large vacuoles; other cells in each lobe exhibited an intensely granular appearance (FIG. 8) .
The presence of a lumen is suggested in the middle lobe of the right side of the gland illustrated in The gland had distinct, clearly visible protoplasmic extensions into the ducts (FIG. 9) .
Males (fed and unfed) did not have any evidence of foveae dorsales. suggests that the foveae dorsales and the glands associated with them may be the site of production and/or release of a sex pheromone in 2 species of ixodid ticks, D. variabilis and D. andersoni. Experimental data reported by Sonenshine et al. (1974) indicated the vicinity of the foveae dorsales to be the site of sex pheromone release. Cauterization, excision or lacquer coating of the foveae consistently destroyed the ability of feeding females to attract sexually active males. In contrast, disruption of other body areas or organs of sexually active females failed to consistently deter attraction of sexually active males (TABLE I) .
Histological evidence demonstrated the existence of a pair of previously unreported glands (Layton's glands) associated with the foveae dorsales. These glands enlarged during feeding and at a rate which appears to parallel the development of the female's sex attractancy. These glands become more distinct and more disassociated from the surrounding tissue during feeding periods. Extensive vacuolation of the gland cells developed, the cells enlarged, and some appeared to contain intensely-staining granular material which may represent secretory activity. This growth process is a finding consistent with the hypothesis that secretory activity was occurring.
Several workers have figured the foveae dorsales in diagrams or drawings of males, females, or both sexes of the subfamily Amblyomminae, but they did not identify their function (Robinson 1926 , Cooley 1938 , Arthur 1960 , 1961 . The occurrence of the foveae dorsales in males of some species may be open to doubt. Arthur (1960) figures paired clear areas or foveae in both males and females, which he described as " ... nearly circular clear areas or foveae are located posterior to the scutum in the female, and posterior to the pseudoscutum in the male; these foveae are larger in the female than in the male. Each fovea has a small central body bristling with minute peg-like processes, which are presumably sensory in function." He represented them in males of most species of Dermacentor. However, Cooley (1938) does not figure the foveae, but does figure paired depressionswith setae in the same location. In fact he does not figure foveae dorsales in any males of any Dermacentor found in the United States. We did not find any evidence of paired foveae dorsales in either D. variabilis or D. andersoni males. However, paired depressions bearing small setae were observed in the corresponding locations in the males of these 2 species. The paired foveae dorsales we observed in the females did not have setae present; rather they had slit-like openings, readily apparent when observed by scanning electron microscopy. Presumably, there are similarities in mate-seeking behavior among the species of this subfamily. Interspecific and even intergeneric sexual attraction has been noted (Sonenshine et al. Vol. 12, no. 3 1974), which further supports the hypothesis of a basically similar mechanism for finding mates. In most species of Amblyomminae, sexually active males seek feeding females in situ. However, Gladney (1971) demonstrated mate-seeking by females in Amblyomma maculatum attracted to the feeding males. The males of this species have depressions resembling the foveae dorsales (Gladney, pers. commun.) . Consequently, it would be of interest to determine whether disruption of these areas in males of the Gulf Coast tick would destroy attractancy.
Considerable controversy has surrounded the function of the foveae dorsales. Arthur (1960) speculated that their function was sensory. Balashov (1968) agreed with Arthur as to function; in addition, he considered them to be sensilla hastiformes, perhaps because of their similarity to the areae porosae which he also regarded as sensilla hastiformia. However, Feldman-Muhsam (1963) demon-strated that the areae porosae act as sites of release of lubricating substance for Gene's organ, not a sensilla hastiformia. Douglas (1943) observed protoplasmic processes in the pores of the dorsal foveae which, he claimed, were associated with nerve cells located directly below. Douglas reported that the nerve cell fibers coalesced and extended to the brain. However, he did not test for neurosecretory substance or stain for nerve tissue, nor did he include foveal nerves in his anatomical survey. That the foveae dorsales or any other location on the dorsum may be associated with sex pheromones was not considered by Berger et al. (1971) ; rather, they regarded the female reproductive system as the site of sex pheromone production. Unfortunately, these authors failed to describe the experimental evidence upon which they based this conclusion. More recently, Sonenshine et al. (1974) associated the foveae dorsales with the site of sex pheromone production and/or release on the basis of experi-mental evidence (TABLE I) . Consequently, the discovC'ry of a paired gland connected to the paired foveae dorsales and observation of its growth during feeding appears to support the hypothesis that sex pheromone activity is concentrated at this location. vVe believe that a sex attractant (or attractants) is produced by the glands during feeding by the female tick and released through the pores in the foveae dorsales. Further effort is needed to excise the glands, extract the secretion and identify its chemical structure.
